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M r .  Chairman, Members of t h e  Committee: 

Thank you f o r  t h i s  o p p o r t u n i t y  t o  e x p r e s s  t h e  views of t h e  

N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  on t h e  c h a l l e n g e s  

and o p p o r t u n i t i e s  t h a t  f a c e  o u r  r ia t ion  i n  t h e  f i e l d  of a e r o n a u t i c s .  

A s  you know, p a r t  of t h e  g e n i u s  of t h e  Space Act of 1958 was t h a t  

i t  com3ined i n  hASA the r e s p o n s i b i l i t i e s  for r e s e a r c h  prosrams - 

a t  t h e  c u t t i n g  edges  of s c i e n c e  and technology i n  b o t h  space 

and a e r o n a u t i c s ,  r a t h e r  t h a n  s e p a r a t i n g  and d i f f u s i n g  these t w o  

powerSul ly  r e l a t e d  e f f o r t s .  A c a r e f u l l y  planned and c o o r d i n a t e d  

program 05 work i n  t h e  many s c i e n t i f i c  d i s c i p l i n e s  and a r e a s  of 

t echno logy  i n  d i s c h a r g e  of t h i s  combinat ion of  r e s p o n s i b i l i t i e s  

h a s  made possible t h e  c o u n t r y ' s  r a p i d  b u i l d  up a s  a major space 

power w h i l e  c o n t i n u i n g  t o  advance i n  a e r o n a u t i c s .  
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space p:ograi.n imve w e n  t h e  t e c h n o l o g i e s  , Z 'ac i l i t i e s  , manpower, 

i n d u s t r i a l  know-how, and u n i v e r s i t y  r e l a t i o n s h i p s  t h a t  have heen 

o p e r a t i n g  t o g e t h e r  s i n c e  t h e  f i rs t  World War. These a re  the 

i n t e r l o c k i n g  e l emen t s  t h a t  made t h i s  n a t i o n  pre-eminent i n  a i r  

p o w e r  d u r i n g  World War I1 and i n  a e r o n a u t i c a l  s c i e n c e  and commercial 

and m i l i t a r y  a v i a t i o n  today .  These  powerfu l  n a t i o n a l  r e s o u r c e s  

whirlti c o n t i n u e  t o  produce advances  i n  space and a e r o n a u t i c s  a r e  

a l s o  biYOagilt t o  bear on any problem which a r i s e s  a s  ou r  newest 

equipment goes i n t o  u s e .  T h e i r  v a l u e  e x t c n d s  to developing  

improvements and t o  overcoming o p e r a t i o n a l  problems a s s o c i a t e d  

w i t h  t h e  e a r l y  s tages  of o p e r a t i o n  where a f a i l u r e  t o  s o l v e  a n  

u n f o r e s e e n  problem can  l e a d  t o  v e r y  large losses. 

I n  World War I,  World War 11, i n  Korea and now i n  V i e t  Nan, 

we have l e a r n e d  t h a t  a s t r o n g  a e r o n a u t i c a l  c a p a b i l i t y  i s  a b a s i c  

e l emen t  of t o t a l  n a t i o n a l  power. Cont inued e f i e c t i v e  advance 

i n  a v i a t i o n  i s  fundamental  t o  our m i l i t a r y  s t r e n g t h  and t o  t h e  

t r a n s p o r t a t i o n  l i f e l i n e s  of t h e  c o u n t r y .  A n  e s s e n t i a l  f a c t o r  

i n  r e a c h i n g  and m a i n t a i n i n g  t h i s  p o s i t i o n  of n a t i o n a l  power i s  

t h e  c l ' f e e t i v e  government - i n d u s t r y  - u n i v e r s i t y  teamwork t h a t  

c o u p l e s  t h e  new !tnowledge a c q u i r e d  through a v a s t  r ange  oi' 

research e f f o r t s  w i t h  the  c y c l e  of development ,  test, and 
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p r o c u c t i o n  02 m i l i t a r y  and c o i n m e r c i a l  s y s t e m s .  It is  t h i s  same 

team that had t h e  v i t a l i t y  and f l e x i b i l i t y  t o  respond i n  t h e  

1950's t o  t h e  n a t i o n a l  needs  of t h e  development and deployment 

of missile sys tems and i n  t h e  1960's t o  t h e  goals  and cEial1enges 

of the space program. 

It was a turn in ts  p o i n t  i n  t h e  h i s t o r y  01 mankind when the 

W r i y h t  Brothers solve6 thc s u b t l e  problem t h e y  iaceci i n  t r y i n g  

t o  develop a f l y i n g  machine: how t o  a c h i e v e  dynamic equ i l i . 9 r ium 

throurjl-1 a sys t ems  approach ,  l i n k i n g  a l l  e l emen t s  i n  such  a way 

t h a t  the m a i l  w a s  an i n t e g r a l  par t  of t h e  sys tem and cou ld  maneuver 

it j-n three d imens ions  through a n  i n t e g r a t e d  sys tem of c o n t r o l s .  

The un .der ly ing  c o n c e p t s  of the f i rs t  a i r p l a n e  a r e  w i t h  u s  ' toCIay 

i n  a n  u n i n a g i n a h l y  wide v a r i e t y  of areas ,  r a n g i n g  from ph i losophy  

t o  s p a c e c r a f t .  Fron t h e  e a r l y  c o n c e p t s  of u s i n g  a man t o  c o n t r o l  

a n  e s s e n t i a l l y  alnstahle machine,  s c i e n c e  and teclinoloi,y have 

rnovcG us to c o n c e p t s  of t h e  s e l f - c o r r e c t i n g ,  se l f -moni tor inc j  

sys tem,  whether  it be a machine ax a n  i n s t i t u t i o n .  Both c a n  be 

made t o  respond t o  YJery small o rgan ized  forces i n t e l l i g e n t l y  

a p p l i e d  a t  key  poin.ts t h a t  are t h e n  macjniZied iri'ib effective 

a c t i o n .  T h i s  a b i l i t y  i s  -perhaps t h e  most i m p o r t s n t  lerjacy of 

t h e  Wright B r o t h e r s  arid t h e i r  f i r s t  e x p e r i e n c e  i n  c o n t r o l l e d  

movement i n  t h r e e  dimensions.  
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The concepi; 02 the dynamic sys tem o r g a n i z e 4  t o  assure the 

most e l f e c t i v e  i n t e r r e l a t i o n  of a l l  i t s  e l e m e n t s  and c o n s t a n t 1 2  

updated by feedback i s  p r o v i d i n q  a n  i n t e l l e c t u a l  framework for 

d e a l i n g  w i t h  t h e  problems r a n g i n g  from computer d e s i g n  t o  c i t y  

o r g a n i z a t i o n ,  Though t fu l  s t u d e n t s  t o d a y  b e l i e v e  t h a t  o u r  a b i l i t y  

a s  a n a t i o n  t o  deal w i t h  major problems, armed w i t h  t h e  i n t e l -  

l e c t u a l  and t e c h n o l o g i c a l  too ls  t h a t  f l ow from t h e  e f fo r t s  of 

i n v e s t F g a t i o n  and e x p l o r a t i o n  a t  t h e  b o u n d a r i e s  of human know- 

l e d g e ,  a re  as i m p o r t a n t  e l emen t s  of t r u e  n a t i o n a l  power i n  i t s  

f u l l e s t  s e n s e  a s  are  t h e  more v i s i b l e  symbols of might  r e f l e c t e d  

i n  o u r  weapons, f a c t o r i e s ,  or s c h o o l s .  

' 

The power an6 p o s i t i o n  of the Uni ted  S ta tes  i n  a e r o n a u t i c s  

h a s  neve r  been ,  and i s  n o t  now, w i t h o u t  i t s  cha l l -enges .  We need 

n o t  look back ve ry  l a r  t o  f i n d  examples of such  c h a l l e n g e s  and 

of t h e  U . S .  r e s p o n s e .  And it i s  t h i s  a b i l i t y  t o  respond t o  

s u r p r i s e s  t h a t  I w i s h  t o  stress, s i n c e  it i s  a n  a b i l i t y  t h a t  c a n  

o n l y  e x i s t  as one p a r t  of a t o t a l  c a p a b i l i t y  that, i n  t u r n ,  i s  

based upon t h e  i n t e r l o c k i n g  r e s u l t s  of r e s e a r c h ,  development ,  

and test .  I n  t h e  Second World War, t h e  Japanese  Zero f i g h t e r ,  

a n  example of -making  a n  advan tage  of a d v e r s i t y ,  p r e s e n t e d  a 

fo rmidab le  t e c h n o l o g i c a l  t h r e a t  t o  t h e  Uni ted  States .  The 

s t r a i n e d  economy of Japan ,  r e spond ing  w i t h  i n g e n u i t y  of d e s i g n  

. _ .  
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i n  tile a3sence 01 c r i t i c a l  materials, produced the dangerous 

high-speed , h i g h - a l t i t u d e ,  and h i g h l y  maneuverable Zero. The 

U . S .  response  w a s  a h o l d i n s  o p e r a t i o n  on t h e  f i Q h t i n y  f r o n t  arid 

a massive bui ld-up of product ion.  Many of u s  remember t h e  

famous T ~ C L C ~  Weave, a case w h e r e  ingenious  tact ics  reduced 

a t t r i t i o n  u n t i l  we could use  o u r  t e c h n o l o g i c a l  a b i l i t y  t o  des ign  

improvements t o  m e e t  t h e  enemy cha l l enge  and t o  b u i l d  and man 

more a i rc raf t  t h a n  could t h e  enemy, I n  t h a t  s a m e  w a r ,  Germany 

p u t  i n t o  combat t h e  f irst  j e t  a i rc raf t  and guided inissile systems,  

s u r p r i s e s  t h a t  had t o  be m e t  by t h e  a p p l i c a t i o n  of overwhelming 

conven t iona l  systems. I n  Korea, t h e  M i g  f i g h t e r s '  perlormance 

w a s  a s u r p r i s e .  It is t r u e  today  t h a t  t h e  most advanced conimer- 

cia1 s h o r t  t a k e o f f  and l and ing  transport  a i r p l a n e  i s  t h e  French 

B r e g u e t ,  and t h a t  t h e  f i r s t  supe r son ic  j e t l i n e r  w i l l  be t h e  

Concorde, and t h a t  t h e  nex t  one may be Russian.  

__ 

One of t h e  basic jobs of t h e  NASA, and of the NACA belore 

it, i s  t o  make s u r e  t h a t  t h e  n a t i o n  has  t h e  in format ion ,  t h e  

f ac i l i t i e s ,  and t h e  special is ts  i n  many d i s c i p l i n e s  and tech-  

nologies a v a i l a b l e  t o  focus  on any h i g h - p r i o r i t y  projects,  

m i l i t a r y  or c i v i l i a n ,  i n  a e r o n a u t i c s  or  r e l a t e d  f i e l d s ,  and 

t o  make s u r e  t h a t  a sound, cont inuing  e f f o r t  creates a wide , 

base of na t iona l  c a p a b i l i t y  t o  d e a l  w i t h  s u r p r i s e s .  T h i s  we 
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must d o  imag ina t ive ly  and s e l e c t i v e l y  t o  keep a surprise f r o m  

becoming a d isas te r .  Perhaps a n o t h e r  way of say ing  t h e  same 

t h i n g  is  t h a t  it is  NASA's job t o  look ahead t o  t h e  problems 

t h a t  are going t o  e x i s t  i n  t h e  f u t u r e  and t o  do  enough work 

before t h e y  arise t o  show t h e  way toward t h e i r  s o l u t i o n .  And 

these problems range  from basic materials research a t  one end 

of t h e  spectrum t o  f l i g h t  tests of hypersonic  engine  systems 

a t  t h e  o t h e r ,  from eve ry  aspect of c r e w  and passenger  s a f e t y  

t o  social and economic i m p a c t  of a i r c r a f t - i n d u c e d  no i se .  NASA's 

work i n  a e r o n a u t i c a l  R&D is  designed t o  i d e n t i f y ,  as w e l l  a s  

meet, n a t i o n a l  needs.  

NASA h a s  a broad r e s p o n s i b i l i t y  t o  develop,  main ta in ,  and 

u s e  a n  advanced base of a e r o n a u t i c a l  r e s e a r c h  and technology,  

w i t h i n  i t s  laboratories as  w e l l  as i n  t h e  u n i v e r s i t i e s  and t h e  

i n d u s t r y ,  p rov id ing  a t e c h n i c a l  foundat ion  w i t h  ea r ly  experiments  

and w i t h  t e s t i n g  du r ing  t h e  l a t e r  development phase f o r  c i v i l  

and m i l i t a r y  a i r  vehicles and associated equipment of all t ypes .  

The key p roduc t s  of t h e  NASA a e r o n a u t i c s  program are a 

c o n t i n u i n g  flow of t e c h n i c a l  i n fo rma t ion  and a pool  of h i g h l y  

s k i l l e d  e x p e r t s  a t  t h e  f o r e f r o n t  of s c i e n c e  and technology i n  

all areas of a e r o n a u t i c s  t h a t  can a p p l y  t h i s  i n fo rma t ion  t o  

problems a t  hand or foreseen .  O t h e r  government depar tments ,  
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i n d u s t r y ,  and u n i v e r s i t y  pe r sonne l  t h e r e f o r e  have a v a i l a b l e  t o  

them through t h e i r  a s s o c i a t i o n  w i t h  NASA an  unders tanding  of 

t h e  p h y s i c a l  p r i n c i p l e s  unde r ly ing  new concepts .  They have a 

d e s c r i p t i o n ,  i n  t e r m s  of mathematical a n a l y s e s ,  of t h e  p r i n c i p l e s  

of new concep t s  i n  forms which can  be used t o  s o l v e  s p e c i f i c  

problems. There i s  evidence ,  i n  t h e  f o r m  of exper imenta l  test  

r e s u l t s ,  of t h e  soundness of t h e  p h y s i c a l  p r i n c i p l e s  and t h e  

a n a l y s e s  so t h a t  t h e  new data can  be applied i n  practice w i t h  

a n  a c c e p t a b l y  l o w  l e v e l  of t e c h n o l o g i c a l  r i s k .  

The importance of experimental v e r i f i c a t i o n  and t h e  i n t e r -  

p l a y  between experiment  and t h e o r y  i n  ve ry  advanced systems 

cannot  he  overemphasized. A p h y s i c a l ,  or q u a l i t a t i v e ,  under- 

s t a n d i n g  of a p h y s i c a l  phenomenon, w h i l e  e s s e n t i a l  i n  any 

t e c h n i c a l  project, does n o t  i n  i t s e l f  p rovide  a basis for t h e  

a p p l i c a t i o n  of new s c i e n t i f i c  knowledge. 

be t r a n s l a t e d  i n t o  a u s a b l e  form before t h e  eng inee r  can  a p p l y  

New knowledge must 

it t o  t h e  s o l u t i o n  of a p a r t i c u l a r  problem. As an  example of 

t h e  i n t e r p l a y  between experiment and theo ry ,  it is  possible t o  

p r e d i c t  w i t h  accuracy  t h e  amount of l i f t  genera ted  by a wing up 

t o  a p a r t i c u l a r  a n g l e ,  b u t  as  t h e  a n g l e  exceeds t h i s  p a r t i c u l a r  

value t h e  e f f e c t s  of a i r  v i s c o s i t y  suddenly dominate and t h e  

f l o w  s e p a r a t e s  from t h e  wing s u r f a c e .  There i s  no t h e o r y  t o  

- -  -.. 
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account  for flow under these c o n d i t i o n s ,  and t h u s  it is necessary  

t o  o b t a i n  wind t u n n e l  data before t h e  l i m i t a t i o n s  of any g iven  

wing can  be fully desc r ibed .  

Research fac i l i t i es  are a necessa ry  par t  of t h e  p rocess  by 

w h i c h  the n a t i o n  o b t a i n s  d a t a  on aerodynamics,  s t r u c t u r e s ,  

p ropu l s ion ,  and e l e c t r o n i c  components. One of t h e  r easons  t h e  

N a t i o n a l  Advisory Committee for  Aeronau t i c s  (NACA), NASA's 

predecesso r ,  w a s  established as e a r l y  as 1915 w a s  in r e c o g n i t i o n  

t h a t  such f ac i l i t i e s  w e r e  too c o s t l y  for  p r i v a t e  i n d u s t r y  t o  

procure  and suppor t  and y e t  w e r e  e s s e n t i a l  t o  t h e  advancement 

of a e r o n a u t i c s .  Our r e s e a r c h  fac i l i t i es  have k e p t  pace w i t h ,  

t h e  advances i n  a v i a t i o n ,  e n a b l i n g  cont inued improvement i n  t h e  

performance, speed,  and s a f e t y  of a i r c r a f t .  I do n o t  t h i n k  it 

is  possible t o  i d e n t i f y  an  a i r p l a n e  f l y i n g  today  which does 

n o t  owe much t o  NACA/NASA research. 

F l i g h t  t e s t i n g  of new concepts ,  d e s i g n s ,  and systems i s  

fundamental  t o  a e r o n a u t i c s .  Labora tory  d a t a  a l o n e ,  and theories  

based on t h e s e  d a t a ,  cannot g i v e  a l l  t h e  impor tan t  answers. 

For  example, t h e  effects of motion-pitching, r o l l i n g ,  or 

yawing--on t h e  a i r p l a n e  and on t h e  man c o n t r o l l i n g  it are no t  

f u l l y  p r e d i c t a b l e  from ground-based research. Each t i m e  a new 

aircraft  f l i e s ,  a "moment-of-truth" a r r i v e s  f o r  t h e  d e s i g n e r  



as  he d i s c o v e r s  whether a group of i n d i v i d u a l l y  s a t i s f a c t o r y  

e lements  add t o g e t h e r  t o  make a s a t i s f a c t o r y  w h o l e  or whether 

t h e i r  unexpected i n t e r a c t i o n s  r e s u l t  i n  a major d e f i c i e n c y .  

F l i g h t  r e s e a r c h  p l a y s  t h e  e s s e n t i a l  role i n  a s s u r i n g  t h a t  a l l  

t h e  e lements  of a n  a i rc raf t  can  be i n t e g r a t e d  i n t o  a s a t i s f a c t o r y  

system. 

I want t o  emphasize t h e  p o i n t  t h a t  t heo ry ,  ground-based 

research, and f l i g h t  research are t h e  e s s e n t i a l  i n t e r r e l a t e d  

e lements  of t h e  a e r o n a u t i c a l  R&D process. New theories s t e m  

from l a b o r a t o r y  and f l i g h t  da t a ;  new l a b o r a t o r y  f a c i l i t i e s  are 

designed and u t i l i z e d  e f f e c t i v e l y  on t h e  basis of b o t h  t h e o r y  

and f l i g h t  data; and a t e c h n i c a l l y  and economical ly  sound f l i g h t  

program can  on ly  he conducted w i t h  t h e  suppor t  of t h e o r i e s  and 

l a b o r a t o r y  experiments .  The pre-eminence of t h e  United S t a t e s  ! 

i n  a v i a t i o n  today  could n o t  have been achieved wi thou t  t h e  

ground-based and f l i g h t  research of the past  coupled w i t h  t h e  

eng inee r ing  know-how and manufacturing c a p a b i l i t y  of t h e  

aerospace indus t ry .  

The v a l i d i t y  of o u r  a e r o n a u t i c a l  R&D process- -ex t rac t ing  

t h e  maximum from t o d a y ' s  technology whi le  a t  t h e  same t i m e  

deve loping  and t e s t i n g  t h e  technology of t h e  fu tu re - - i s  e v i d e n t  

i n  b o t h  our m i l i t a r y  and commercial a i r c ra f t .  Our very close 
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working r e l a t i o n s  witn t h e  Department of Defense have been 

mutual ly  b e n e f i c i a l .  

has ,  fo r  example, developed t h e  famous "Coke bo t t l e "  shape ,  

made p o s s i b l e  t h e  s u c c e s s f u l  series of supe r son ic  a i rc raf t  

such a s  t h e  F-104, F-106, B-58, and F-4, and demonstrated t h e  

f e a s i b i l i t y  of t h e  var iable-sweep wing used on t h e  F-111 and 

planned Cor t h e  SST. W e  are a s s i s t i n g  t h e  DoD today i n  

p e r f e c t i n g  t h e  o p e r a t i o n a l  v e r s i o n s  of t h e  F-111. W e  are, 

through t h e  use  of s i m u l a t i o n  t echn iques ,  h e l p i n g  d e f i n e  

s p e c i f i c a t i o n s  for  t h e  o p e r a t i n g  characteristics of t h e  C-5A. 

The Depactment; of Defense,  i n  t u r n ,  h a s  made a v a i l a b l e  to NASA 

for extended r e s e a r c h  and f l i g h t  t e s t i n g  many pro to type  and pro- 

d u c t i o n  aircraft .  The DoD h a s  funded t h e  X - s e r i e s  of exper imenta l  

a i rc raf t ,  cu lmina t ing  i n  t h e  hypersonic  X-15, which w e r e  used 

i n  j o i n t  r e s e a r c h  programs. 

NASA research on t h e  ground and i n  f l i g h t  

Commercial a v i a t i o n  h a s  f u l l y  e x p l o i t e d  the many advances 

made p o s s i b l e  by t h e  conlbination of our  a e r o n a u t i c s  R&D and 

t h e  completed development of many m i l i t a r y  a i r c r a f t  types.  

The B-47 and B-52 and t h e  KC--135 t echno log ie s  have been converted 

i n t o  t h e  DC-8 and 707 subsonic  j e t  t r a n s p o r t s .  But as we look  

forward i n t o  t h e  f u t u r e ,  we see a growing d ivergence  between 

t h e  requirements f o r  c i v i l  and m i l i t a r y  a i r c r a f t  systems. The 
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m o s t  modern m i l i t a r y  a i rc raf t  cannot be readily redes igned  i n t o  

commercial systems t h a t  can economical ly  m e e t  c i v i l  a v i a t i o n  

needs. I n  a d d i t i o n ,  t h e  i n c r e a s i n g  complex demands of modern 

c i v i l  t r a n s p o r t a t i o n  have l e d  t o  changes i n  t h e  developmental  

approach f o r  new a i r c r a f t .  

When u n i t  costs w e r e  low and i n t e r a c t i o n  between t h e  

e lements  of t h e  des ign  were small, a manufacturer  could a f f o r d  

a s u b s t a n t i a l  element of u n c e r t a i n t y  i n  developing a new a i r p l a n e ,  

s i n c e  it w a s  no t  too d i f f i c u l t  o r  c o s t l y  t o  correct d e f i c i e n c i e s  

exposed d u r i n g  f l i g h t  ope ra t ions .  The c o r r e c t i o n  of such d e f i -  

c i e n c i e s  h a s  p e r s i s t e d  i n t o  recent t i m e s ;  for example, some of 
I 

t o d a y ' s  j e t  t r a n s p o r t s  w e r e  r e t r o f i t t e d  w i t h  l a r g e r  v e r t i c a l  

t a i l s  and l e a d i n g  edge f l a p s  a f t e r  e n t e r i n g  commerical s e r v i c e .  

However, a i r p l a n e s  have now become so complex and embody such 

g r e a t  i n t e r a c t i o n s  between a l l  t h e  elements  of t h e  system t h a t  

I 

- 

t h e  t e c h n o l o g i c a l  r i s k  of developing  a s u c c e s s f u l  new a i r c r a f t  

on t h e  f i r s t  t r y  i s  high: moreover, t h e  p o s s i b i l i t y  of e a s i l y  

c o r r e c t i n g  a f i r s t - f l i g h t - e x p o s e d  d e f i c i e n c y  is l ow.  Development 

and u n i t  costs have become so g r e a t  t h a t  d e f i c i e n c e s  w i l l  l e a d  

to major e s c a l a t i o n s  i n  cost and could mean f i n a n c i a l  d i s a s t e r  . 

f o r  a commercial ven tu re .  

take a n  i n c r e a s i n g l y  c o n s e r v a t i v e  approach i n  app ly ing  new and 

advanced concepts. 

Economics t h u s  r e q u i r e  t h e  d e s i g n e r  t o  
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An i n c r e a s i n g  gap is appea r ing  between t h e  advanced 

technology t h a t  research i n d i c a t e s  is possible and t h e  technology 

a c t u a l l y  be ing  used i n  commerce. To a s s u r e  pre-eminence i n  

a e r o n a u t i c s ,  advanced technology must c o n t i n u a l l y  be inco rpora t ed  

i n t o  new des igns .  To make t h i s  economical ly  a t t r ac t ive ,  new 

s t r u c t u r a l ,  p r o p u l s i v e ,  or c o n t r o l  system concepts  must be 

proven through exper imenta l  hardware v e r i f i c a t i o n  and f l i g h t  

demonst ra t ions  t o  minimize t h e  t e c h n i c a l  and economic r i s k s  

of i n c o r p o r a t i n g  them i n  an  o p e r a t i o n a l  a i r c r a f t .  With t h e  

changing n a t u r e  of m i l i t a r y  a v i a t i o n  reducing  t h e  number of 

commercially u s e f u l  concepts  be ing  proven through development, 

a " c i v i l  a i r c r a f t  technology" must be established a t  a l e v e l  

of conf idence  which i s  a c c e p t a b l e  fo r  t h e  investment  of p r i v a t e  

c a p i t a l  . 
Working c l o s e l y  wi th  t h e  new Department of T r a n s p o r t a t i o n  

and t h e  FAA, NASA i s  c o n t r i b u t i n g  t o  t h e  i d e n t i f i c a t i o n  of t h e  

c r i t i ca l ,  s p e c i a l i z e d  c i v i l  a v i a t i o n  technology requi rements  and 

is d i r e c t i n g  a s i g n i f i c a n t  p o r t i o n  of i t s  manpower and f a c i l i t i e s  

r e s o u r c e s  t o  t h e  s o l u t i o n  of b o t h  p r e s e n t  and f u t u r e  problems 

i n  t h i s  area. 

s o n i c  t r a n s p o r t  f i e l d ,  i n c l u d i n g  work on second-generat ion 

p ropu l s ion ,  s o n i c  boom phenomena, and a i r c r a f t  handl ing  

W e  have undertaken a major e f f o r t  i n  t h e  super -  
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q u a l i t i e s .  W e  are working c l o s e l y  with  industry and the  regu- 

l a t o r y  agencies  on t h e  problems of j e t  engine no i se  suppression.  

W e  have i n i t i a t e d  a l a r g e  s c a l e  experimental  engine program 

d i r e c t e d  toward t h e  development of a wholly new " q u i e t "  engine.  

Looking i n t o  t h e  f u t u r e ,  we can  i d e n t i f y  s e v e r a l  a r e a s  of 

s p e c i a l  i n t e r e s t  t h a t  can c o n t r i b u t e  impor t an t ly  t o  n a t i o n a l  

t r a n s p o r t a t i o n  needs.  For example, t h e  special c a p a b i l i t i e s  

of t h e  h e l i c o p t e r  f o r  urban t r a n s p o r t a t i o n  a r e  today o f f s e t  by 

problems of v i b r a t i o n ,  low e f f i c i e n c y ,  and high o p e r a t i n g  c o s t s .  

The j e t  f l a p  and tilt r o t o r  concept  now being i n v e s t i g a t e d  hold 

high promise f o r  e a r l y  s o l u t i o n s  t o  these problems. For 

i n t e r u r b a n  t r a n s p o r t a t i o n ,  it appears  t h a t  commercial STOL 

t r a n s p o r t s  w i th  o p e r a t i n g  ranges of some 500 miles t h a t  can  

o p e r a t e  from 1,000 f o o t  runways r e p r e s e n t  an ideal a d d i t i o n  t o  

t h e  n a t i o n a l  t r a n s p o r t a t i o n  inventory .  E f f i c i e n t  h i g h - l i f t  

systems f o r  both p r o p e l l e r  and j e t  a i r c r a f t  have been i d e n t i f i e d .  

S i m i l a r  h i g h - l i f t  t echniques ,  coupled w i t h  engines  ope ra t ing  

a t  low no i se  l e v e l s ,  would i n c r e a s e  t h e  u t i l i t y  of t h e  s tandard  

subsonic  j e t  t r a n s p o r t  by pe rmi t t i ng  s h o r t  f i e l d  ope ra t ions  

i n  o r  nea r  c i t i es  and by making modern a i r  s e r v i c e  p r a c t i c a l  

i n  many a r e a s  now l i m i t e d  by small a i r p o r t s .  These are r ep re -  

s e n t a t i v e  examples of t h e  many n a t i o n a l  needs of commercial 
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a v i a t i o n ,  needs t h a t  also i nc lude  n a v i g a t i o n  and communication 

sys tems,  a i r - t o - a i r  c o l l i s i o n  avoidance,  s a f e r  passenger  s e a t i n g  

developments,  a l l  weather  l a n d i n g  and take-off  c a p a b i l i t i e s ,  

and e f f i c i e n t  r e l i a b l e  eng ines  w i t h  extended o p e r a t i n g  t i m e s  

between overhauls .  

I n  c l o s i n g ,  I would l i k e  t o  u n d e r l i n e  a major theme t h a t  

must run  through any informed d i s c u s s i o n  of a e r o n a u t i c s  today: 

t h e  p rocess  by which r e s e a r c h  and development i n  a e r o n a u t i c s  

i s  c a r r i e d  o u t  i n  t h e  United States has  c r e a t e d  and c o n s t a n t l y  

r e p l e n i s h e s  one of ou r  most s i g n i f i c a n t  r e s e r v o i r s  of n a t i o n a l  

c a p a b i l i t y .  I n  t h e  p rocess  of meeting t h e  s p e c i a l i z e d  needs of 

both m i l i t a r y  and commercial a v i a t i o n ,  t h e  t o t a l  complex of 

governmental  agenc ie s ,  c e n t e r s  of l e a r n i n g ,  i n d u s t r i a l  o rgani -  

z a t i o n s ,  and t r a n s p o r t a t i o n  systems is be ing  s t r eng thened  by 

c o o p e r a t i v e  i n t e r a c t i o n .  Within t h i s  complex, NASA has  a 

unique role t o  p l a y ,  p rovid ing  a r e s o u r c e  t h a t  can be counted 

upon by each and eve ry  element involved i n  a e r o n a u t i c s .  NASA 

i s  involved i n  every  phase of t h e  long  c y c l e  from t h e o r y  t o  

o p e r a t i o n s ,  p rovid ing  independent a n a l y s i s ,  experk advice, 

and p r a c t i c a l  s o l u t i o n s  t o  hard problems. W e  a r e  proud of 

ou r  competence and of our  f l e x i b i l i t y ;  we are proud of t h e  

c o n t i n u i n g  c o n t r i b u t i o n s  we make t o  t h e  f u l l  range  of aeronautical 
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science and engineering; but we are perhaps t h e  most proud of 

being e f f e c t i v e  partners with t h e  u n i v e r s i t i e s ,  the aerospace 

and transportation industr ies ,  and other government agencies i n  

the challenging work of meeting the nation's  needs and increasing 

the nat ion's  strength. 
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